Background: The objective of this study is to assess the clinical significance and prognostic impact of extramural metastasis in colorectal carcinoma and establish an optimal categorization in the staging system.
Background
Histologic examination of dissected nodal structures may disclose the presence of nodules of tumors that are not contained within recognizable lymph nodes. This kind of cancer deposit called Extramural Metastasis (EM), is found during routine examination of about 10-20 percent of resected gastric carcinoma specimens [1] and 15-50 percent of colorectal carcinoma specimens [2, 3] . The presence of EM has also been identified as a prognostic factor [2] , but whether the EM should be treated as equal to other traditional prognostic factors is still unknown.
The TNM classification is used worldwide for cancer staging. It's important that the patients' treatment and prognosis be followed and built upon this classification. EM may be either small lymph nodes or lymphoid aggregates that have been totally replaced by a tumor or discontinuous foci of a tumor within a pericolonic, extranodal, perivascular or intravascular location [4] . It is unclear whether EM should be categorized into pT staging, pN staging or excluded from consideration in determining tumor stage. Based on the 5 th edition TNM Classification of Malignant Tumors [5] , a tumor nodule greater than 3 mm in diameter is classified in the N category as lymph node metastasis. The 6 th edition of the TNM classification [6] recognizes the heterogeneity of these lesions and suggests that they be classified as positive lymph nodes if they occur in the connective tissue of a lymph drainage area and have the form and smooth contour of a lymph node; if they have an irregular contour, then they should be classified under T as a discontinuous extramural extension. However, some challenge this because they believe size should not affect the diagnosis of metastatic cancer and that tumor foci which show evidence of growth(eg. glandular differentiation, distension of sinus, or stromal reaction) should be diagnosed as a lymph node metastasis regardless of size [7] . Recently, the 7 th edition of the TNM classification has been modified such that the extramural tumor deposits found in patients with T1 and T2 lesions be classified as N1c disease [8] , but it is still unclear how to stage the EM for patients with T3 or T4. To date, few studies have discussed the significance of the EM through convincing analysis in colorectal cancer, and there are even less data on the optimal categorization of such foci. Nevertheless, an optimal categorization should heighten the value of the TNM classification as a prognostic grading system. Therefore, the aim of the present study is to assess the incidence and extent of EM in patients with colorectal cancer. Furthermore, its relation to other clinicopathologic factors was studied and its prognostic significance was analyzed. To resolve the question of their origin, we classified them into several different stages based on our provisional definition of the EM and determined whether EM should be categorized in the prognostic staging system, providing useful prognostic information to optimize the TNM classification.
Methods

Patients
In this retrospective study, data were collected from the medical records of 1,215 patients who underwent resection for colorectal cancer at the Sun Yat-Sen University Cancer Center in Guangzhou, China, from January 2000 to December 2005. To be eligible for the study, patients were required to have pathologically confirmed colorectal carcinoma and had more than 12 lymph nodes from surgical specimens. All patients underwent standard segmental colectomy and regional lymphadenectomy. Individual demographic and clinicopathologic data were collected including tumor stage, nodal stage, tumor histology, degree of tumor differentiation, and presence of lymphovascular invasion. The protocol was approved by our institutional review board in keeping with Chinese bioethical regulations. All patients gave a written informed consent before participating in the study.
EM was defined as the presence of cancer cells in soft tissue that was discontinuous with the primary lesion or in peri-bowel soft tissue distinct from the lymph node. Lymph nodes and EM were identified and retrieved from formalin-fixed surgical specimens without using any specific technique to increase the nodal retrieval rate. Paraffin-embedded specimens were stained with haematoxylin and eosin, and examined microscopically for metastases. All cases with clolorectal cancer were subsequently step-sectioned, resulting in a total of 119,070 slides, which were H&E stained and systematically screened by 2 pathologists independently. No special immunohistochemical techniques were used to identify micrometastases.
Treatment
Eligible patients had completely resected primary colorectal adenocarcinoma. The staging was according to AJCC Cancer Staging Manual 6 th edition [6] ; Based on this staging, all the patients who need adjuvant chemotherapy received the 5-FU-based regimen, and the basic regimen was FOLFOX6 or XELOX. The patients with rectal cancer received prior chemotherapy or radiotherapy and the patients with post-operative metastasis underwent palliative treatments (including chemotherapy, surgical resection and radio frequency ablation) according to the updated NCCN guideline for Colorectal cancer [9] .
Follow up
After discharge from the hospital, all patients entered a follow-up program according to standard protocol [10] . Within the first 2 years after surgery, a follow-up every 3 months consisted of a clinical examination, routine blood tests, assessment of concentration of tumor markers, and abdominal ultrasonography or CT scan; endoscopy was done every 6 months for the first 2 years after surgery. In addition, for the next 3 years, patients were followed up every 6 months and underwent endoscopy every 12 months. At relapse (defined as local recurrence or metastasis at distant sites), all patients were staged fully to detect disease at other sites. The follow-up was closed in April 2010.
Statistical Analysis
In this study, all patients had been retrospectively reclassified into different stages according to AJCC Cancer Staging Manual 7 th edition. Mann-Whitney U and χ2 tests were used where appropriate to compare the distribution of individual variables between groups. Overall survival (OS) and Disease-free survival(DFS) curves were calculated by Kaplan-Meier method and the differences between 2 groups were compared by log-rank test. The probability for entering the model was 0.05 and that for removal from the model was 0.100. Multivariable analysis was performed using a Cox proportional hazards model with an enter procedure. A two-tailed p value of less than 0.05 was considered statistically significant. The Akaike Information Criterion (AIC) [11] was used to identify the optimal categorization of EM that afforded the N and T stages the highest power of discrimination of survival outcome. The AIC (AIC = -2 × Log Likelihood + 2 × No. of Parameters in the Model) is an estimate of the measure of fit of a model to a given set of data. The model of choice achieves parsimony with maximum likelihood and is the one with the lowest value of AIC, indicating the smallest loss of information for predicting outcome [12] . Statistical analysis was performed with SPSS for Windows V. 13 .0.
Results
The study consisted of 695 men and 520 women, the median age was 58 years (range 18-85). Stage distribution included 210(17.3%) patients with stage I, 395 (32.5%) patients with stage II, 336(27.7%) with stage III and 274(22.6%) with stage IV. Overall, EM( Figure 1 ) was detected in 167 (13.7%) of the 1215 patients and in 230 (1·8%) of the 12,534 nodules retrieved as 'lymph nodes'. In the 167 patients with EM, the mean number of metastases of this type was 1.4 (median 1, range 1-5). Figure 1 shows an example of EM.
The incidence of EM was significantly higher in patients with large tumors (diameter 5 cm or more) and in those with macroscopic infiltrative tumors. Histologically, the incidence of EM had positive correlation with tumor penetration depth and lymph node metastasis, which were determined by leaving the existence of EM out of the calculation. Patients with EM had significantly deeper tumor invasion and larger number of lymph node metastases; in addition, peritoneal dissemination was found more frequently at surgery in patients with EM (Table 1) Regarding survival, analysis was performed in 936 patients who underwent potentially curative resection; traditional prognostic variables such as the pT, pN, tumor differentiation and tumor site correlated well with the patients' life expectation (Table 2) , with tumor stage according to the TNM system being a strong predictor of survival. A correlation with poorer clinical outcome was also noted for poorly differentiated and rectum location (data not shown). In the multivariate analysis, EM emerged as an independent prognostic factor for survival (Table 2) together with the aforementioned factors. A positive EM at any site was significantly associated with a shorter survival time (Figure 2a ). Analysis of patients grouped according to the number of EMs revealed that the number of metastases was significantly associated with an even worse prognosis (P < 0·001) ( Figure 2b) .
Different survival outcomes based on the N stage (N0, N1, and N2) and the T stage (T1, T2, T3 and T4) were compared among the following 3 definitions of the N and T categories: A, 7 th edition the TNM definition without considering EM; B, 7 th edition the TNM definition with EM considered as a T factor (T3 or T4); C, 7 th edition the TNM definition with EM considered a N factor (Table 3) .
According to the value of AIC, for the N stage, the definition that both distinct nodal involvement and EM were treated as N factors has the lowest ability(AIC = 1025.3) under the condition of using the 7th edition A 100 B 400 TNM classification. For the T stage, the AIC in the group that EM were treated as pT3 or pT4, is the smallest(AIC = 1089.7), which means it provided the best prognostic T staging. The AIC in the group that has both distinct nodal involvement and EM treated as N factors also has a good value (AIC = 1090.9). Distribution and 5-year survival rate of 936 patients based on the EM stratified into 3 different categories is summarized in Figure 3 ; the difference in 5-year survival between these defined groups was not great, and the differences in the survival between different T staging under the aforementioned provisional definitions were much less than those between the values of the N stage.
Discussion
In this retrospective study, we investigated the clinical parameters and the prognostic value of EM in a group of patients who underwent surgical resection for colorectal carcinoma. The main findings are the following:
(1) the presence of EM had a significant correlation with the primary tumor size, invasive depth and lymph node metastasis; (2) the patients with EM had a higher risk of peritoneal metastasis, EM is an independent prognostic factor for all colorectal cancer patients, and the patients with EM had a very poor clinical outcome; and (3) EM may be regarded as lymph nodes in the process of classification using 7 th AJCC Cancer Staging Manual. Metastatic status determines prognosis and indication for adjuvant chemotherapy in patients with colorectal cancer [13] . A recent population-based study in the United States concluded that, in 2001, most patients with colorectal cancer received inadequate evaluation [14] . There is, thus, an important risk of understaging that may exclude patients from postoperative chemotherapy, a treatment with proven benefits in colon cancer with advanced stage [15] . The existence of isolated tumor deposits in the mesorectum was well demonstrated by microscopic examination with serial transverse sections of the mesorectum made as reported by Scott et al [16] and Reynolds et al [17] . In routine practice, such tumor deposits are observed in specimens sent for pathologic examination as "lymph nodes." There is few study focus on these kinds of "lymph nodes" without lymph node structure. The present study comprised patients with colorectal cancer who underwent surgical resection. We found that the presence of EM was about 15%, which was associated with a larger tumor size, deeper invasion depth and more positive nodes; this finding showed a close correlation with cancer aggressiveness measured in terms of serosal invasion. It has clinical significance as a strong prognostic indicator independent of tumor depth or nodal involvement in patients with colorectal cancer who underwent operation, though we cannot neglect the effect of EM on the survival outcome in the patients with colorectal cancer.
In the incidence of peritoneal metastasis found during surgery in patients with EM, our results were similar to Etoh et al. [2] . There are two possible explanations for the association between EM and peritoneal metastasis. First, it is feasible that tumor cells released from a primary lesion spread directly into the extranodal and extramural spaces [1, 18] . Another possibility is that EM occurs subsequent to lymph node involvement. Takata et al. [1] found that the occurrence of lymph node metastasis was high in patients with peritoneal metastasis. EM was associated with peritoneal metastasis, which is one of the most important prognostic factors in this tumor type; the patients with EMs had a shorter OS and DFS. The multivariate analysis shows that EM is an independent prognostic factor along with pT, pN staging, tumor site and tumor differentiation. In addition, the numbers of EMs have an important role in the estimation of postoperative survival. The existence of 3 or more EMs might have a poorer prognostic impact than those with 1-2 deposits of EM; in the present study, 3 or more EMs were found in 4.3% of patients who had undergone curative resection of colorectal cancer and related to an unfavorable 5-year survival rate of 18.0%. Our findings confirming that EM is a negative prognostic factor for advanced colorectal adenocarcinoma are helpful to those clinicians in need of a staging system which emphasizes the prognostic heterogeneity of patients within the same tumor stage group. The different prognostic implications of EM could well be incorporated into new staging proposals. It is very important to determine whether EM should be treated as an N factor or as a T factor in a prognostic staging system, so that the clinician can more conveniently provide an accurate classification. We compared 3 staging systems with different categorizations of EM, including categorizations based on the TNM classifications of the 7th editions in terms of their discriminatory power with regard to survival outcome. In our analysis, we used the AIC which can be used to identify the optimal categorization of an outcome variable and to compare systems with different combinations of variables [19] , although in the difference in the 5-year survival rate of patients classified according to the various staging systems shown in Figure 3 , we found that the value of AIC was smallest when both distinct nodal involvement and EM were treated as N factors. We still note that there was little difference in the AIC value among the T staging systems analyzed, and it could be said that the classification of EM exerts little influence on the clinical significance of the T stage because of the low incidence of EM in T1 and T2 cases, which indicated that the EM might be treated as an N factor defined by the TNM 7th edition. To our knowledge, our results initially report this new categorization. In terms of the new categorization, the number of patients shows little difference from other various staging systems (Figure 3 ), but the clinically most beneficial staging system is one that assigns as many patients as possible to the most favorable or most unfavorable stage when survival outcome of patients classified in the same stage is the same [20] . Ueno et al. in 2007 [21] proposed that N staging was capable of predicting survival outcome with the highest accuracy when both nodal involvement and non-vascular invasion-type (non-VAS) were treated together as an N factor and VAS was treated as a T factor, but the use of the subjective description form and smooth contour of a lymph node may lead to inappropriate upstaging [7] . The current dilemma can be traced to 2 facts: (1) the historical precedent of placing too much reliance on an unnecessary limited set of prognostic variables (eg, lymph node status) for the purposes of stratifying patients and making therapeutic decision and (2) the impossibility of determining the actual nature of a high proportion of mesenteric deposits [4, 7] . Herein we took both of these factors into account and recommend that in situations in which small mesenteric and perirectal tumor deposits might be diagnosed as lymph nodes, the total number and the size of the largest deposits should be recorded and the clinician be made aware that these lesions are likely to be associated with an adverse prognosis.
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Conclusion
These results suggest that standard pathologic examination underestimates the number of metastases in mesocolon specimens from colorectal cancer patients by failing to detect not only small involved nodes but also extramural metastases. Routine pathologic examination should focus on these foci of cancer metastasis and help to refine the staging of patients with colorectal cancer. I  88  90  88  II  78  78  78  III  62  62  62  IV  27 The value of this finding for improving the TNM classification, together with the classic prognostic factors, will provide a more accurate classification, benefit adjuvant chemotherapy for patients and assess more exact prognostic information.
